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Statistical Review and Evaluation
Review of Carcinogenicity Data
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APPLICANT: Forest Laboratories

NAME OF DRUG: Citalopram Hydrobromide Tablets.

DOCUMENTS REVIEWED: One Volume Dated March 26, 1998, Containing the Rat
Study Findings and the Rat Data on Diskette and One Volume Dated April 1, 1998,
Containing the Mouse Study Findings and the Mouse Data on Diskette.

PHARMACOLOGY REVIEWER: Robin Huff, Ph.D.

|. Background

Dr. Huff (HFD-120) requested from the Division of Biometrics | a statistical review of the rat
and mouse studies data as well as an evaluation of the sponsor’s report.

il. The Rat Study
11.1 Sponsor’s Findings

- This study in Wistar rats lasted for 104 weeks at which point all surviving animals were
sacrificed. Fifty animals per group and sex received 0, 0, 8, 24, and 80 mg/kg/day of
citalopram free base admixed in the diet. The dose levels expressed in salt form were 10,
30, and 100 mg/kg and these were used as the weights in the analyses. All animals were
necropsied and all tissues were evaluated histopathologically.

The sponsor first compared survival between the two controls groups and found no
statistically significant difference. Therefore, the control groups were pooled in the Cox-
Tarone and Gehan-Breslow tests of linear trend in mortality with dose. The Cox-Tarone test
weighs late deaths more heavily while the Gehan-Breslow test weighs early deaths more
heavily. For the males there was no increase in mortality with dose and for the females there
was a statistically significant decrease in mortality with dose. .

The pathologist did not make an assignment as to whether a tumor was incidental or fatal.
To address this problem the sponsor performed two analyses, one where all tumors were
treated as incidental, and one where animals, which were found dead or moribund and had
tumors, were considered to have died from the particular tumor.

Neoplastic lesions, where any treated group exceeded the incidence of either control group
by two or more, were statistically analyzed. None of the trend tests showed a statistically
significant increase in tumor incidence rates with dose. There were, however, several tumors
which had statistically significant negative trends with dose for both the male and the female
rats.



I.2 Reviewer's Findings

This reviewer classified all animals, which died during week 104 prior to being sacrificed, as
terminal sacrifice. This resulted in somewhat different tabulations and p-values, but no
conclusions were affected. This reviewer's findings of the survival analyses were consistent
with the sponsor’s (Tables 14, Figures 1-2).

When analyzing the tumor data, this reviewer performed only tests for positive linear trend
treating all tumors as incidental. As the purpose of the study was to detect any potential
carcinogenicity of the drug, negative tumor trends were not investigated by this reviewer.
With this approach there were no statistically significant increases in any tumor incidence
rates with dose (Tables 5-6).

As there were no statistically significant (positive) trends in tumors among either the male or
female rats, the validity of the two study amms needs to be evaluated. Two questions need to
‘be answered (Haseman, Statistical Issues in the Design, Analysis and Interpretation of

Animal Carcinogenicity Studies, Environmental Health Perspectives, Vol 58, pp 385-392,
1984):

(i) Were enough animals exposed for a sufficient length of time to allow for late developing
tumors?

(i) Were the dose levels high enough to pose a reasonable tumor challenge in the animals?

The following rules of thumb are suggested by experts in the field: Haseman (Issues in
Carcinogenicity Testing: Dose Selection, Fundamental and Applied Toxicology, Vo!5, pp 66-
78, 19985) had found that on the average, approximately 50 % of the animals in the high
dose group survived a two-year study. In a personal communication with Dr. Karl Lin (HFD-
720), he suggested that 50 % survival of the usual 50 initial anint-inthe high dosé group
between weeks 80-90 would be considered a sufficient number and adequate exposure.
Chu, Cueto, and Ward (Factors in the Evaluation of 200 National Cancer institute
Carcinogen Bioassays, Joumal of Toxicology and Environmental Health, Vol 8, pp 251-280,
1981) proposed that To be considered adequate, an experiment that has not shown a
chemical to be carcinogenic should have groups of animals with-greater than 50 % survival
at one year'. From these sources, it appears that the proportions of survival at weeks 52, 80-
90, and at two years are of interest in determining the adequacy of exposure and number of
animals at risk.

In determining the adequacy of the chosen dose levels, it is generally accepted that the high
dose should be close to the MTD. Chu, Cueto, and Ward (1981) suggest:

(i) ‘A dose is considered adequate if there is a detectable weight loss of up to 10 % in a
dosed group relative to the controls'.

(i) The administered dose is also considered an MTD if dosed animals exhibit clinical signs
or severe histopathologic toxic effects attributed to the chemical'.

(iii) ‘In addition, doses are considered adequate if the dosed animals show a slightly
increased mortality compared to the controls’.

in another paper, Bart, Chu and Tarone (Statistical Issues in Interpretation of Chronic
Bioassay Tests for Carcinogenicity, Journal of the National Cancer Institute 62, pp 957-974,
1979), stated that the mean body weight curves over the entire study period should be taken
into consideration with the survival curves, when adequacy of dose levels is to be examined.



In particular, ‘Usually, the comparison should be limited to the early weeks of a study when
no or littie mortality has yet occurred in any of the groups. Here a depression of the mean
weight in the treated groups is an indication that the treatment has been tested on levels at
or approaching the MTD.’

The poorest survival at week 104 was seen in the control groups of both the male and
female rats and was 60 % for the males and 70 % for the females, easily establishing that a
sufficient number of animals were exposed to the drug for a sufficient length of time.

The sponsor reported initial and final mean body weight gains in their Table 3 (attached as
Table 7) with no information on changes early in the study. Weight gain comparisons were
made only for those animals which survived to the end of the study. From this table one can
see that high dose male rats gained + less than their controls and high dose female
rats gained less than their controls. This high degree of suppression in weight gain
raises the question whether the substantially lower weight of the animals led to fewer tumor
formations and possibly obscured any carcinogenic potential of the drug. Similarly, since
survival improved with dose, the mortality experience of the animals does not suggest that
the high dose was close to the MTD. Any dose-related increases in severe histopathologic
toxic effects or clinical signs are left to the evaluation of the pharmacology reviewer. From a
statistical point of view, either the appropriate information is not available (early weight gain
suppression) or when it is (mortality experience), it does not support the high dose being
close to the MTD.

The Mouse Study
1I1.1 Sponsor’s Findings

In this study 250 male and female NMRI/BOM outbred SPF mice were divided into five
treatment groups each and received 0, 0, 40, 100, and-240 mg/kg/day of citalopram free
base admixed in the diet These doses represented 0, 0, 50, 125, and 300 mg/kg in the sait
form. The study was termmated at week 78 because survival |n the high dose male group
had fallen to 42 %. -

§' . S:, Ml{i

The sponsor tested for differences in survival between the two control groups and found a
statistically significant difference between the two male control groups. Using either control
group there was a statistically significant positive linear trend in mortality. For the females
there was no difference in the mortality experience of the two control groups and there was
no increase in mortality with dose. The sponsor actually observed a statistically significant
decrease in mortality with dose, driven mostly by the good survival of the high dose group.

There were no statistically significant differences between the control groups of either sex for
any of the lesions selected for analysis. The sponsor did not find any statistically significant
positive or negative tumor trends of any kind.
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li.2 Reviewer’s Findings

There were a few animals which died after terminal sacrifice had begun. This reviewer
classified them as having been terminally sacrificed and this will account for minor
differences in results when compared to the sponsor's. No conclusions were affected by
these minor differences.

As both control groups were treated identically during the study this reviewer considers
testing for potential differences between them, be it for survival or tumor incidences, as
inappropriate. When using the combined controls the test for positive linear trend with dose
in mortality among the male mice was highly statistically significant. Among the female mice
there was no statistically significant finding for increased mortality (Tables 8-11, Figures 3-4).

Testing for positive trend with dose in tumor incidence rates with the controls combined
showed no statistically significant finding (Tables 12-13). It is pointed out that, especially for
the females, most animals, which had any tumors, had a very large number of them (up to
29 per animal).

As there were no statistically significant tumor trends, the validity of the two study ams
needs to be determined. Following the criteria outlined above, there were very few deaths by
the end of the first year, but by week 78 the survival of the high dose males had fallen to 42
% and the study was terminated. As there is now neither 50 % survival nor information for
80-90 weeks, it is questionable whether the male arm has sufficient animals exposed for a
sufficient length of time. In determining whether the high dose was an adequate tumor
challenge, the mortality experience of the high dose males does not support this dose as
being close to the MTD as these animals had statistically significantly, not just numerically
poorer survival than the controls. Among the females, survival among the treated animals
was numerically better than that of the controls, not an indication of the high dose being
close to the MTD. Investigating mean body weight gains, it is noted, as was the case for the
rats, that only the initial and final body weights were reported and that therefore no
assessment of possible early suppression of body weight gains can be made (Table 14).
Final body weight gains for the high dose males were about 9% lower than the combined
controls and about 31 % lower for the high dose females. These findings do not suggest that
the high dose was close to the MTD. The evaluation of clinical signs or severe
histopathologic toxic effects is needed by the phamacologist to decide on the validity of this
study.

IV. Summary

The rat study lasted for 104 weeks. There were no statistically significant positive trends with
dose in either the mortality experience or in the tumor incidence rates for either sex. When
evaluating the validity of study it was determined that the number of animals surviving until
the end of study and that the length of the study were adequate. When trying to establish the
high dose as being close to the MTD, neither the mortality experience nor the body weight
gain data were indicative of this premise. Mortality actually decreased with dose and body
weight gain data were reported only for the end of the study and then the high dose animals
had substantially lower body weight gains than the controls. The evaluation of clinical signs
and toxic effects by the pharmacologist may point to better evidence than the above criteria
have.



e e et L T e T v vi—c——

The mouse study was terminated at week 78 when the survival of the high dose males had
fallen to 42 %. This trend was statistically significant. For the females there was no
statistically significant increase in mortality. For neither sex was there a statistically significant
positive trend in any tumor incidence rates. When evaluating the validity of this study the first
question is whether 78 weeks would be long enough for any study in this species/strain of
mice. The second question is whether 42 % survival can still be considered adequate for the
males. Both the survival percentage and the time fall short of the 50 % survival at weeks 80-
890 criterion. The mean body weight gains were reported only for the end of the study and
may not be indicative of what happened early in the study. Altogether these findings are not
supportive of considering the high dose as being close to the MTD and clinical signs and
toxic effects need to be evaluated to establish the validity of this study.
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Table 7:

(S powcos'sTable3 )

Citalopram Rat Carcinogenicity Study

Mean Body Weight Gains
Initial Final Mean Body % Weight
5 Group Mean Body Mean Body Weight Gain Relative to
(mg/kg) Weight Weight Gain ___,Control ..
Sex: ™) (grams) - (grams) (grams) " Group 1

Male 0 (32 151 668 517 100
_ 0 (29) 156 722 566 109
/ 8 (30) 153 719 566 - — 109
& 24 (34) 152 628 476 92
k 80 (39) 153 470 317 61
" [ Female 0 (35) 134 484 350 100
0(35) 135 465 330 94
8 (34) 137 486 349 100
24 (36) 139 430 291 88
E 80 (45) 138 320 182 52

APPEARS TH!S WAY
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Table 14 :

(‘Spewsor's:Table 3) ,
Citalopram Mouse Carcinogenicity Study
Mean Body Weight Gains

LER B

Initial Final Mean Body % Weight
Group Mean Body Mean Body Weight Gain Relative i
(mg/kg) Weight Weight Gain to Control
Sex: ) (grams) (grams) (grams) Group 1
Male 0 (36) 26.14 42.38 1624 100
0 (44) 26.25 43.10 16.85 104
40 (45) 26.65 49.02 22.37 138 N
100 (39) 26.25 45.17 18.92 117
240 (21) 25.99 40.71 14.73 91
Female | 0(38) 23.52 35.83 1231 100
0 (39) 23.25 36.55 13.30 108
40 (39) 24.12 37.58 13.46 109
100°(42) 24.12 35.77 11.66 95
\ 240 (44) 24.40 32.90 8.50 69
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